The in vitro and in vivo antiamoebic cytotoxic effects of peritoneal exudate cells and mesenteric lymph node lymphocytes of gerbils with cecal amoebiasis or those immunized with amoebic extract were investigated. A differential effect of the lymphoid cells against trophozoites of nonpathogenic and pathogenic strains of Entamoeba histolytica was observed. Nonpathogenic amoebae were more susceptible to killing by lymphoid cells than pathogenic amoebae in vitro and in vivo in infected or immunized animals. These data suggest that during the course of cecal amoebiasis in gerbils, a differential stimulation or depletion of cytotoxic cells in the lymphoreticular tissues occurs, resulting in an impaired cell-mediated immune response.
The role of cell-mediated immune responses in human or experimental amoebiasis is not well defined. Reports have indicated a delayed-type hypersensitivity reaction (17, 25) , lymphocyte blastogenesis (15, 22, 24) , and a migration inhibition factor from leukocytes (21) in patients with intestinal or hepatic amoebiasis. The response was always greater in patients with amoebic liver abscesses than in those with the intestinal disease. Similar results were obtained in animals with experimentally induced amoebic liver abscesses (11, 14, 20) . In vitro studies with leukocytes and trophozoites of Entamoeba histolytica have shown either a direct cytotoxic effect on the trophozoites (10, 12, 13) or, conversely, killing and phagocytosis of the leukocytes by the amoebae (12, 16) . No studies to date have followed the sequential progression of local or peripheral immune responses during the course of experimental amoebiasis.
In the present study, we examined the in vitro amoebicidal effects of peritoneal exudate cells, (PECs) and lymphocytes from the draining mesenteric lymph nodes (MLNs) of gerbils during the course of development of experimentally induced cecal amoebiasis and compared them with the effects of the same cells from gerbils sensitized with an amoebic extract. In addition, in vitro interactions between trophozoites and PECs were investigated after intraperitoneal (i.p.) inoculation with amoebae and after the reisolation of PECs and amoebae at different times after inoculation.
Male Mongolian gerbils (Meriones unguiculatus) (Tumblebrook Farms, West Brookfield, Mass.) 50 to 60 days old and weighing 55 to 60 g were used in all experiments. For cecal inoculations, the monoxenic pathogenic E. histolytica strain ATCC IP:1182:2 (6) grown in Robinson's medium (23) was used. For in vitro and in vivo studies, the pathogenic ATCC IP:0682:1 (3) and the nonpathogenic DKB (7) axenic strains of E. histolytica in TYI-S-33 medium (9) were used. The pathogenicity of the strains was determined by their ability to cause lesions in the ceca of gerbils or to produce abscesses in the livers of gerbils. The DKB strain was considered nonpathogenic in this study even though it was isolated from a patient with amoebic dysentery and has a pathogenic isoenzyme pattern. However, it has lost its pathogenicity in experimental animal model systems (K. Chadee, J. M. Smith, and E. Meerovitch, Am. J. Trop. Med. Hyg., in press).
For intracecal inoculations of gerbils, 48-h-old (log-phase) amoebic cultures in Robinson's medium (strain IP:1182:2) were used. The cultivation of amoebic trophozoites and counting procedures were as previously described (6) . The inoculum per gerbil was 5 x 105 trophozoites in 0.2 ml of 0.85% saline. Intracecal inoculations were performed after laparotomy with aseptic precautions as previously described (6) . Control animals were inoculated with 48-h-old Robinson's culture medium freed of amoebae by centrifugation. A total of 25 gerbils were inoculated intracecally with E. histolytica, and 15 were inoculated with the conditioned culture medium. The animals were immunized with a crude amoebic extract prepared from axenic cultures of the IP:0682:1 strain grown in TYI-S-33 medium in 30-ml disposable plastic tissue culture flasks. Trophozoites were pooled from several flasks (72-h-old cultures), washed three times in 0.85% saline, and centrifuged for 5 min at 850 x g at 50C. The sediment was suspended in a measured volume of distilled water to lyse the amoebae. A volume of 1.7% saline equal to that of the water was added to restore isotonicity. The preparation was then sonicated for 1 min (20 KC BP-2 ultrasonic probe; Fisher Scientific Co., Montreal, Quebec, Canada) with continuous cooling to ensure disruption of all the amoebae. Sonication was followed by centrifugation at 5°C for 20 min at 16 ,000 x g. The protein concentration in the supernatant was determined by the Folin phenol method (18) and adjusted to 1 mg/ml. The amoebic extract was sterilized by being passed through a 0.22-p,m membrane filter (Millipore Corp., Bedford, Mass.). Thirty-six gerbils were inoculated i.p. twice weekly for 3 weeks with 0.5 ml (0.50 mg) of protein (total, 3.0 mg of protein). The animals were used for study on day 5 after the last injection. Amoebic antibody titers were determined by the indirect hemagglutination test (5) to ensure that all animals were sensitized. amoebae were injected i.p. into each of the immunized or control gerbils. At various times after the injection, the gerbils were killed, and the amoebae, together with PECs, were recovered from the peritoneal cavity by lavage with ice-cold HBSS. The cells were centrifuged for 7 min at 1,000 x g, and the sediment was suspended in 2 ml of cold HBSS. The recovered amoebae were counted in a hemacytometer, and their percent viability was determined by the trypan blue exclusion method under phase-contrast illumination. Direct observations on interactions between the amoebae and PECs were made on wet-mount preparations in the presence of 0.2% trypan blue under phase-contrast illumination at room temperature (+220C). Data were analyzed by the one-way analysis of variance and by Student's t test. A probability value of P < 0.05 was considered significant.
MLNs and macrophages from the peritoneal cavities of gerbils with cecal amoebiasis were isolated and tested in vitro against pathogenic and nonpathogenic amoebae. All animals used in this experiment had macroscopic amoebic cecal lesions and mesenteric lymphadenopathy. Histologic lesions were similar to those described previously (7) . The results of in vitro cytotoxicity assays are presented in Fig. 1 . As early as 5 days after intracecal inoculation with amoebae, the MLNs exerted significant (P < 0.001) cytotoxic effects against the nonpathogenic amoebae (strain DKB), but later (10 to 60 days) they were also effective in killing the pathogenic amoebae (strain IP:0682:1). Except at 20 days after inoculation, significantly (P < 0.001) more nonpathogenic amoebae were killed than were pathogenic amoebae. Maximum killing of both strains of amoebae was noted at 60 days after inoculation (Fig. 1) . In contrast, the PECs were significantly (P < 0.001) equally cytotoxic to both strains of amoebae at 10 days after inoculation (Fig. 1) . More nonpathogenic amoebae (strain DKB) were killed by the PECs after 20 days, and maximum killing of both strains occurred between 20 and 30 days after inoculation. The MLNs, PECs, and adherent macrophages from immunized gerbils were effective in killing significant (P < 0.001) numbers of pathogenic and nonpathogenic amoebae when compared with cells from control animals. There was no difference in the killing of nonpathogenic and pathogenic amoebae. The PECs and adherent macrophages were significantly (P < 0.05) more cytotoxic to trophozoites than were the MLNs (Fig. 2) . The cytotoxic effects of the PECs and adherent macrophages were similar (P > 0.05). -Pathogenic and nonpathogenic amoebae inoculated into the peritoneal cavities of immunized and nonimmunized gerbils were recovered after 4, 6, 8, and 16 h, and their numbers and survival rates were determined. Amoebae of the nonpathogenic (DKB) strain were killed much more rapidly than those of the pathogenic (IP:0682:1) strain, and at 6 h after inoculation all the DKB amoebae were killed (Fig. 3) . Killing of the DKB strain in the peritoneal cavities of immunized gerbils was significantly (P < 0.001) greater than that in nonimmunized gerbils. The rate of killing of pathogenic (IP:0682:1) amoebae in immunized gerbils progressed with time (up to 90% at 16 h) and was always significantly (P < 0.001) greater than that in nonimmunized gerbils (Fig. 3) . The recovery of amoebae (dead and alive) from the peritoneal cavities of immunized and nonimmunized gerbils was the same for both the nonpathogenic and the pathogenic amoebae at 4 h but was significantly (P < 0.05) lower for the nonpathogenic amoebae at 6 h ( Table 1) . At 6 h, the recovery of the pathogenic strain from immunized gerbils was similar to that from nonimmunized gerbils. However, at 8 and 16 h after inoculation, the recovery of pathogenic amoebae from immunized gerbils was significantly (P < 0.05) lower than that from nonimmunized gerbils. At these times only disintegrated (lysed) amoebae of the nonpathogenic strain could be recovered from immunized animals ( Table 1) . Figure 4a through c shows the stages in the killing by PECs of a trophozoite of the nonpathogenic DKB strain recovered 4 h after amoebae were injected into an immunized gerbil. Macrophages were observed in direct contact with the amoebae, causing membranolysis and amoebic death.
In vitro cytotoxic effects of lymphoid cells from parasiteinfected animals against the same (or other) parasites are considered to be a manifestation of cell-mediated immunity. There are relatively few reports of cellular immune reactions related to amoebiasis (25) . The present study has shown that PECs and MLNs from infected or immunized gerbils exert a cytotoxic effect on trophozoites of nonpathogenic and patho- (8) or their selective depletion in the draining lymph nodes of gerbils with cecal amoebiasis may have resulted in the impaired cellmediated immune response. Conversely, the increased cytotoxic effect at 60 days after inoculation corresponded with the repopulation of lymphocytes in the lymph nodes and the disappearance of amoebae from the cecal tissues of infected gerbils. Because the humoral antibody response in gerbils with cecal amoebiasis is low and because there is a selective depletion of lymphoid cells in the draining lymph nodes and submucosal lymphoid follicles, the in vitro observations suggest a local immunological control of the infection. The same conclusion can also be derived from the unresponsiveness of peripheral lymphocytes from patients with intestinal amoebiasis, but not with amebic liver ab- (19, 26) . The amoebicidal effects of the PECs in our study do not suggest that macrophages are important in the control of a cecal infection but rather that they may be an effective barrier in preventing the extraintestinal dissemination of amoebae, a function also ascribed to MLNs.
The in vivo experiments also confirmred our observations on the in vitro antiamoebic cytotoxic effects of gerbil PECs. However, relatively few amoebae were killed in the peritoneal cavities of immunized or nonimmunized gerbils in 4 h, as compared with the results of the in vitro assay (Fig. 2) . This could have been caused, in part, by the deleterious effect of the culture medium (HBSS) used in our assay. Conversely, the trophozoites in vivo may escape host defenses by killing the lymphoid cells (12, 16) and by escaping amoebic antibodies by capping from the amoebic surface (1, 2) . Nevertheless, the greater in vivo cytotoxic effects against the nonpathogenic (DKB) amoebae than against the pathogenic (IP:0682:1) amoebae corroborate the results of the in vitro experiments and the results of other studies (12, 16).
Our results have confirmed other reports on the specific cell-mediated cytotoxic effects of various cells on E. histolytica trophozoites in vitro. A differential antiamoebic cytotoxic effect of the MLNs and PECs was also shown in animals with cecal amoebiasis; this differential effect may be a result of parasite-induced factors and may lead to an impaired cell-mediated immune response.
